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WIND-TWIIECL IIJVESTIGATION OF AN NACA 23012 

AIRFOIL WITH A 30-PERCENT-CHORD MAXWELL 

SLAT AND WITH TRAILING-EWE FLU'S 

Bz John G. Lowry and Jc>hn W .  McKee 

An invest igat ion :ins been mado i n  
tunnel  ~f an I'JACA 33012 x ix f031 .  w i t h  a 

the IJACA 7- by LO-foot wind 
30 p r c e n t - c h o - d  ?+lnmrell 

A s  the  s l o t  g;;?? was i.ncre3sed up t o  the o?timLm the profile 
drag increased e x c q t  In  the ranbe r i m r  imxiIiim l i f t  coefficient , 
tho p i tch ing  moment becam increasingly negative, 2nd t h e  l i f t  
coef2icient  at a given angle of a t tack  decreased. 
of 3.5 t o  4 percent of t he  wing chord emre the  grea tes t  increase 
i n  t h e  angle of aktack ,ot the s t c l i  ea& i n  maxirim l i f t  coef f ic ien t  
Tor all f l a p  def lect ions.  

A s l c t  gny 

INTRODUCTION 

To increase the  c f f ic i sncy  and snfety of airplane8 it i s  
d-esirab1.0 t o  have means of increasing the  a~ximum lii't or' a i r f o i l s  
and of incroaoing m d  riogifinting the mgle :>t which they s t a l l .  
hading+dge slots crc one of the  few dev5.ccs t h a t  have been .;ound 
capzble of increcsing bath the imximum ljft end the  mgle  o f  a t t ack  
at  the  s t a l l .  

The f ixed  leading-edge d o t  ( r e fc reme  1) i s  i n t o p a l  part 
of the  wing arid has no moving pmts .  This slot is  the  simplest type 
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but h8.s the diaadvantagc of incrcaslng the d?ag i n  t,he nor1r.d. 
fl.j;ing r a g c  . it m , ~ ~ -  be ad.vantacc;eous, however, vhoro 'I'u(;pln.e:;:: 
end. 31tn-pl.icity arc e:;senti::l.. The IIarldley Pap l.endink;+cl.~;o s lc t  
(references 2 m d  3) and .t!ie Maxwell ieeding-cd!-;e slot (refo:ence 4.) 
hme more fa,voral~l.e chnracter is t i .cs  i n  the slow-speed h i &  angle- 
of-aktzck ra-age .vhcii they m e  open, and. i n  ac!dit-l.on increase tho 
drag i n  the noimd :Tlying range on3.2: sl.iglit.l.;r wken thcy ?,re clased. 
The Mcm7ell- s1.o-t (fig. 1) i s  the  sinipler I n  oyeration, cs it i s  
operated- by ro t a t ing  the  slo.t, about a l'ivied. y o b t .  

, 

This invcst igat ion w t s  L W ~ C  t o  dc?temiiie th.e optimm slot, gay 

an 1JRCA 2301% airfoKl. tri-th 2% 30--~crcent--chor.d ?kmel . l  n l c t t  and. 
of the  &mwe11 s1e.t; for, m d  thc  aei20dywinic sec t ion  c h a m c t e r i s t i c s  
of 
with n slot ted.  cnd. a s p l i t  f1c.p. 

The +foot, chord. by 7-foot ap2.n a i r f ' e i l ,  t h e  l+kmel-l slat  ,zn.d 
the  s lot ted.  f l . ;q wzre bui1.k mil" I.:.;n!ilated mahogany t o  the  p r o f i l e s  
of f igure  2 a d .  tn'ole I. 
chord of 7.2 inchoc (20 .pj;ccnt or" t'iic a i r fo i l .  c h x d ) ,  'wcs b u i l t  
of 1/4 inch plywood. Thi.:; flap i r : x  .fcLstcned to tbc ctjrPoil with 
screws znd the flap an@a ( O o  t o  60") were =et by t ~ i m f i u l ~ r  
wooden blocks between the  f l c ~ ~ p  a,nd c.irfoj.?. ~ The TKLl--spm clotted.  
f l n p  h::d. a cliord of 9.238 i:lchcr, (25,66 pi -cent  o? t he  :rirf'oil 
chord) and is deoiEi;na-i;ed DS 2-11 i n  reference :j, I i  was momted 
on the msin a i r f o i l  by three stifel. Il-ktiiigs .thr,t a l . l ~ w ~ J  f l a p  
def lect ions of O" t o  60% The pcth o : C  the  i'l.ap nose point ( t he  
nose point of' the  flap i s  defined as t he  poi.nt of tanf:cncy or" c 
l i n e  drawn perpendicu.1-nr t o  the  a i r f o i l  chord c?nd t a n p i i t  t o  t he  
leading edge of t h c  f l a p  when ncu t r a l )  w c s  t he  opt4mrr.l 0113 reprxted 
i n  reference 5 (tab1.o 11). 
Maxwell s h t  w a s  10.8 inches, 30 percent of t he  aj.rfoil chord. 
w a s  mounted on the  m,zin n i r l o i l .  by four steel. i ' i t t inGs t h a t  allowed 
for s l o t  gaps as great  as 7 percent of the wi.ng chord. 

Tho f u l l -  qrn qdit f l ~ p , ~  'irhi2h had 2, 

The mxixvrn width, or cliord, of the  
it 

TXSTS 

The tests were mrtde i n  t he  NACA 7- by lO-foot win? tunnsl 
(references 3 and 6 )  at  :: d;nailic pxssu re  OT 16.37 pounda pe r  
squrxre foot cox-responding t o  ai a i r  r;peed of c h x t  SO mile:: per 
hour under standard se2-level. condi Lions. 
number bnsed on the  chori! oi the  n i r f o i l  wlth tho 3 l c . t  irnd flcip 

The ivcrrLc;c t e a t  i i synn ldo  
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r e t r ac t ed  was 2,190,000; due to turbulence i n  the  a i r  stream the 
ei'f ect ive Hcynolds nLunbcr ( f o ~  rn,.rur.imm l i f t  coe f f i c i en t s )  w a s  
appmxiimtely 3,500,000. 
t e s t  sect ion of the wind tuimel so t h z i  two-dimensional Plow w a s  
q )proximted  (referonce 3)  Su:Zficient s l o t  gap of the  biaarwell 
slat wei'e tes tod with inos't f h p  deQlections t c  d6teml.ne Vne t rend 
of the chaimcLeriotics ?nd t he  optimum s l o t  gap for mtwimwz m-gle 
of a t tack  a t  the G-taJ.1 Pnd foi. m ; z x i m m  li?t* Data foi- the a i r f o i l  
w i t h  the  s l o t  closed weiw teken Brorn rufei-enco 3 ,  because with the 
s l o t  closed the bas ic  eirfclil. contour i s  establishef!.. 
d o t t e d  f l z p  ms  i'ully i-etrac-Led t h e  flag slot gap wa.9 sealed 
f a i r e d  .to the  bzsic  a i i - foi l  ccntour a3 recoimonded i n  reference 5 

The model cou-pletely spanned the closed 

hhcn tho 

C o ef f i c 1. en t Y 

All t e a t  r e s u l t s  a r e  G i n n  in atatidard nondimensional sect ion 
coe f f i c i en t  f oi-m (correctod ;sta eqda+neii i n  refcrence 3)  8.9 fo l lows  : 

where 

2 

a, 
ya..c ' ) o  

4 

C 

Cf 

cs  

scc t ion 1if.t coeff ic ient  ( 2 /qc ) 

sect ion dmg coeff ic ient  (c&,,/qc) 

sect ion pitching-moment coef f ic ien t  about the aero- 
dynamic cenber oi: the  airfoil, wikh f l a p  a i d  
slat retru-cted (nyauc o)oj9cc) ( S e e  referonce 5 .) 

sect ion l i f t  

sec t icn  p r o f i l e  drag 

sect ion pi tching moment 

chord of' a.f~rfoi.1 with slat  and f l a p  ret .racted 

f l a p  chord (projected width on ai-rfoll chord l i n e )  

s l a t  chord (inw-imn Tridt,h) 

A 
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a0 m g l e  of a t t ack  f o r  i n f i n i t e  zspect r a t i o  

f lap def lec t ion  6f 

C mxinim l i r t  ccelf  i c i en t  

a 
2,x 

angle of a t t ack  f o r  maximum l i f t  cocf7icicnt  
1m2x 

?re 2 i 3 ion 

The acctirzcy of t he  various measurencnts i s  believed t o  l i e  
within the  following licits: 

uo . . . . . . . .  L0.l0 do . . . . . .  , to.0006 
(c1=l.0) 

(c1=2,3)  0 . . . .  20.003 6f . . . . . . . . . . . . .  ~ 0 . 2  

. . . . . . .  . . . . . . . .  LO.002 
50.03 c% C 

lm,x 

a . c  . ) o  

. . . . .  !3.0003 Flay pos i t ion  . . . . . . .  ?O.OOlc 
"omin 

Slo t  gap . , . . tO.0Olc 

No attempt was made t o  datsimine the efi"ect or" f l ap  o r  s l c ~ k  
f i t t i n g s  , 

Effec ts  of S lo t  G q  on P la in  A i r f o i l  

The e f f ec t s  of' the  k x w e l l  s l o t  on the  a i r f o i l  aerodynamic 
sect ion c h m c c t e r i s t i c s  were simillar t o  those reported i n  
reference 4. 
aerodvnamic sect ion cha rac t e r i s t i c s  of t he  airfoil without f l aps .  

Figure 5 S ~ O W S  the e f f ec t  of the  s l o t  gay on the  

A s l o t  gzp of 0.035~ gave the greatest c md a , The 
2,X czmax 

max%ri~un sec t ion  l i f t  coef f ic ien t  increased from 1.55 a t  

f o r  the p l a in  a i r f o i l  (reference 3 )  t o  2.20 at a = ~ 5 . 2 ~  f o r  

the airf 011 w i - t h  a 0 . 3 0 ~  bIeme3-1 slat; ~ 

Piclent became incres;in@y negative os the s l o t  was opened, ind ica t ing  
t h a t  the centel- of prc::s'ure moved renrtrzr d... 

ac = 15.3O 
~max 

c~nl,x 
The pitchLng-monent coef- 

The &Lope of .the l i f t  

A 
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ewe over the posi t ive lift rmge remined Frecticztlly cons tmt ,  
?.I.-thoiigh a f a r  a given cl increased 8 s  t he  gap increased. 
The dre.g coef f ic ien t  increased ~ 1 0 w l : r  i n  the range sbove 
as t h e  s l o t  wcs oTensd but more rapid1.y boiow c z  = 0.6. 

cz  = 0.6 

Effect of N.ot Gap with Various CorCigwaTions 

The effect  of a l c t  gap on c o.nd a is ehovm on 
2mx 2W.X 

fi~;in?"e 4 for the  8.iri'oil with both the s l o t t e d  anq the s p l i t  f l a p  
f o r  vitrious f l c y  dcf!,ec%ions. 
the  .& 

no fl?.p dei'lecticn t o  a.pproximrtely 0.30 w'lth f l q  deflected f o r  
in:~xiinum I-iTt. In every cage the  optimum s l o t  gap increased. the  
angle of p.ttack fc?r mximum l i f t  ccef'f i c ion t  egproxirately loo. 
x h f o i l  with t h e  a y l i t  hcd tho grea tes t  c 

vihen the  d c t  cap WRO 0.035~ f o r  most f1.i.p deflections.  
zgmec very w o l l  with the  resiiLt:~ reported i n  rofercnce 4. 
s i r f o i l  with the  s l o t t e d  I'lap hzd -the grep-test 

slot gap w m  0 . 0 3 5 ~  and the  greatest  

wzs 0.0hc T o r  rxmt fie? deflections.  
optiniwrr! conclitions ,?,re p l o t t o d  i n  f'iwres 5 ,  '3, ::nd 7 .  A 
canp.nr.iwm of t h e w  f igures  with date. giver. i _ n _  reference 5 shows 
th?,t openinfl t he  01o.i; t o  the optimum ~2-7;) incremed the pitching- 
moment coef f ic ien t  ncg,.ubivelg c1.n avercie of 2boxb 0.04 over the  
high 3.i-r"t rmp f o r  n3.1 f l q  deflections.  

A c  tho TI.3-p deflect ion vis . incrertsed 
prodhicod by 2 0 . 0 3 3 ~  s l o t  cap aecreesea fi-ori  0.53 with 

2m.x 

Trlc 
ana a 

P 2 X  2max 2 

This vclue 
The 

when the  

when the c l o t  gep 

c 
2m-x - 

ac 

The d-at?, f o r  $hece three 
hlmx 

f 

Corqnrison of P-rofile D r , g  

A com-pzyfaon of prof fI..e-drag charac te r i s t ics  oi? sevcml a i r fo i l -  
d.nt-flnp cornbinr-tions is  given i n  Eig.2.m 8 c s  envelope polars .  
.$-ah 4z in?oi l  hcd the  1.owcF:t prol ' i le drag f o r  lif-t coef f ic ien ts  be' ow 
0.9. 
shown to hnve tho l w e s t  p r o f l l o  dmg In t h e  n n g e  
Abc\ve c z  = 2.8, vhl.ch wm the maximum l i f t  cmff ic ien- t  for the  rdrfoi3. 
with the  I k p ,  the 3-irfoil. with Blotted f l z p  2 - 4  mid the Ihm-oiL slat 
with 8 0.037 s l o t  g:.?p had the  lowest  p"oTi1.e drng. 
t o  O.O!;c Z m e  ~.~lig,ht].jr hip>er prof l le  drag over t he  e n t i r e  raiige. 
The 0 . 2 0 ~  s p l i t  flap wlth the 0 , 0 3 5 ~  slot ,p.p hnd ccnaiderriu1.y higher 
profile drag th2n the  correspondin2 s lo t t ed  flap cornbin3tion a?~ovo 

The 

T!ie ZirTfoil. with sl.ottcd f l a p  2-h m a  no leading-edge s lo t  i s  
= 0.9 t o  2.8. " 2  

Oyeniug the  gay;: 

G I  = 1.2, 

a 
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For the  arrnngenents t e s t e d  a s l o t  gz'o of 3.5 t o  4 percent OB 
the  wing chord. gpm the  grea tes t  increase i n  maximwn lif't coeff'lcionL 
md. mg3.e of c t t x k  a t  the stall.. 
coeffic-ient crxsed by t he  s l o t  varied f ' r a n  0.63 with Tlqs neut ra l  
t o  apprcxirmtely 0.30 with the  i'l.qm def lected f o r  m c i i n 1 r n  :Lift; the  
sngle of a t t ack  at tho sta2.l was increcsec! ayproxi.mate1~- 10' i n  all 
cases. A s  the  s l o t  gap -,as incremed up t o  the  optimum the  F ro f i l e  
drag inc?eased. except in the rznge ne::i- mxirrium lrift, the  pi tching 
moment becme incrers ingly negative, ,and th3  l i f t  coef f lc ien t  at a 
given angle of a t t ack  decxc3ed. 

l'hc increment of m m b m n  lilt 

. 

Langley Mernol-ial Aeronc wt IC -21 L?.%orat ory 
National Advisoi-,y Cormittee f o r  Aeronautics, 

Lan@y Field., V I . ,  June 16, 1341. 

. 
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2.67 
3.61- . 
h .91 
5.80 
6.43 
7.19 
7.50 
7.50 
7.55 
7.14 
6.41 
r- 

I: ,"a 
3 .OB 
1.. 68 . 92 

, e 1 3  

TABLE I 

ORDINP,TES FOR A I R F O I L ,  FLAP Ah% SIAT S€IAmS 
... 
[ s ta t ions  and o r d i m t e a  i n  percent a i r t o i l  chord 

--+--. --I---------- 
0 
l.?? 
2.5 
5 
7.5 
10 
15 
20 
25 
30 
110 
50 
Go 
70 
80 
90 
35 
100 

I I- 

L.E. reaioxs: 1.58. Slope 
cf radius through end of 

chord.: 0.305 

... ! 

Slotted f l a p  2-11 
--- 

Station 

--- 
Upper 

swface 
-I 

-1.29 -. 32 
.04 
.61. 
1.04 
1.40 
l.$ 
2.30 

2.73 
2.53 
2.58 
2.46 
1.68 

.?? 
13 

I -- 

Cer;tei- of L.E. arc 

0,91 1 -1.39 
.- -I_---. 

L.3. rcdiua: 0.91 



TlBTX I - Concluded 
ORDT!XTES FOB AIRFOIL, FLAP AND SLAT SEAPES - Concluded 

. __ 
Sta t ion  

0 

2 
2.5 
4 

1.25 

15 
16 

25 
29 . 02 

Uppew s ~ r f n c o  

7.60 
7.56 

O 
-1.23 
-1.20 

-. 69 

07 

e 85 
1.70 

4.28 
5.68 
6.67 

7.46 

- - I  

- - -  
- - -  
- .- - 

- - -  

L.E. Tadius = 1.58. SlGpe of radius through 
end of chord: 0.305 

Hinge radius center 
_c_- - --". 

lk0 j -1 .oo 

. 
c 
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0 

LO 

-..---I- 

X 

8.36 

5.41 

3.83 

2.63 

1.35 

50 

.?.2 

Y 

3.91 

3 A 3  

3.45 

3.37 

2.43 

1.63 

1.48 



Slot clo3ed 
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N A T I O N A L  A D V l  S O R Y  

Slot O p e n  C O M M I T T E E  F O R  A E R O N A U T I C S  

e 
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